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(54) Two-dimensional analysis by image processing 

(57) Means for analysing a model m in two dimensions comprising a linear camera 4 located at a given 
height above a motor-driven table 2, 5 which supports the model on a window, and processing "leans to 
acquire, digitally encode and store a two-dimensional image of the piece m an ^^ m h f n ^ n ^"^/ 
bya modelling programme based on an iterative search algorithm which identifies straight units and arcs of 
circles along the perimeter of the two dimensional image of the part. 
For application to electro-erosion machines. 
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2272515 

MEANS FOR GENERATING THE GEOMETRY OF A MODEL IN TWO DIMENSIONS 
THROUGH THE USE OF ARTIFICIAL VISION 

The applicant is the holder of Spanish Patent no. 8802189 which 
specifies that the fundamentals of the system for generating the 
geometry of a model in two dimensions through the UBe of 
artificial vision is based on the following four stages: 

1. Acquisition, digital encoding and storage of two-dimensional 
images. 

2. Extraction and storage of the perimeters of the geometries 
present in the image, 

3. Modelling of the perimeter by approximating the latter to 
straight and circular units. 

4. Conversion of the model obtained into DXF format 
(conventional format). 

In order to increase the accuracy of the system the applicant 
plane to use linear cameras instead of the matrix cameras which 
were used previously, as these give better spatial resolution. 
As a consequence item 1 relating to image acquisition is 
substantially amended. 

It has also been discovered how the automatic modelling algorithm 
should be modified (iterti 3) . 

Items 2 and 4 are unchanged from the description in Spanish 
Patent no. 8802189. 

For a better understanding of the object of this invention a 
preferred embodiment thereof, to which additional changes may be 
made without detracting from its fundamental nature, is 
illustrated in the drawings. 



227251 5A I > 



Figure 1 is a block diagram of the entire system incorporating 
the components identified in the main patent as a processing unit 
(1). 

Figure 2 is a diagrammatical representation of a model which is 
to be scanned by the system* 

Figure 3 is a diagram of the manner in which the system operates 
on the model in Figure 2. 

Stages 1 and 3, which have been changed in relation to the system 
in Spanish Patent no, 8802189 , are described below. 

1. Acquisition, digital encoding and storage of two dimensional 
images . 

For image acquisition the system comprises a linear camera (4) 
located at a given height above a moving table (2), which moves 
e.g. in one direction, and encloses a window or working area 
provided with a back-lighting system on which the piece (m) which 
is to be scanned is located* 

Table (2) starts from an initial position in which the vertical 
to the camera coincides with the start of the working window* 
Movement of table (2) is brought about by means of a motor (5) f 
e.g. a stepping motor or closed loop. DC motor, which is 
controlled by a processor (1) by means of a motor board (6). 

The procedure which has to be followed in order to obtain a 
digital two-dimensional image is as follows: 

- The camera (4) obtains an image line and encodes it digitally, 

- The line obtained is digitally encoded into binary for 
comparison with a previously defined digital threshold. 

- The transitions in the binary image are calculated and stored. 
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- Table (2) is moved. and the process of line acquisition, digital 
encoding, calculation and storage of transitions, and movement 
of the table, is repeated until the entire working area has been 
covered. 

This process yields a two-dimensional binary image of the part 
(in) being modeled, coded in the form of transitions associated 
with each line. 

The following parameters have been fixed in advance: 

- Camera exposure time for acquisition of the line. 

- Digital encoding threshold. 

- Speed of movement of the table, which is adjusted so that the 
aspect relationship or. the horizontal/vertical relationship of 
the unit image is approximately 1, i.e. the image unit is square. 

A camera board (10) is provided for control of the camera (4) and 
this comprises (Figure 1): 

- a bus (b) interface (11), 

- a RS-422 adaptor (13), 

■ - a control module : (12) which controls the exposure time, 
frequency and method of operation of camera (4). 

A motor board (6) is provided for control of motor (5) and this 
comprises: 

- a bus (b) interface (7), 

- a power pulse generator ( 9 ) , 

- a control module ( 6 ) which controls generator (9) and the rate 
and direction of movement. 

3. Modelling the perimeter by approximating the latter to 
straight and circular segments. 

The method is based on an iterative algorithm which searches for 
straight and circular segments around the perimeter. 
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There is an intermediate stage between the perimeter and its 
modelling which consists of extracting the basic shapes of which 
it is formed in accordance with a chain code which lines up 
points having the same code value. In this way the basic units 
consist of consecutive points in the same direction. 

The line and arcs search algorithm acts on chains of basic units, 
obtaining the geometry of the part . from these ... 

Let C (po,pn) be a chain of basic units which starts at point 
(po) and ends at point (pn). 

The algorithm operates as described below: 

- The radius (r x ) and the centre {0 2 ) of the circumference 
passing through (po, pn) and the mid-point (pn/2) is calculated* 

- If the radius (r x ) obtained is greater than a predetermined 
value (S)v- r x > S a check has to be made to see whether or not 
the chain (C) (po, pn) forms a straight line. In order to do 
this : 

- The point (M) which' % is furthest from the straight line formed 
by the points (po and pn) , which lies at a distance (.a), is 
searched for in chain (C) (po, pn) , 

- If this distance (a) is less than a certain predetermined value 
V 3 , a < v 1# it decides that (C) (po, pn) is a straight line, 

- If on the contrary a > V x , it runs the algorithm again 
subdividing chain (C) (po, pn) into two chains c(po.M) and 
C(M.pn) and repeat b the procedure. 

- If the radius (rj) obtained is less than the predetermined 
value (S), r < S, it has to check whether or not <C) (po, pn) is 
an arc of a circle. The steps are as follows: 
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- The distances (di) from points (P) to the centre of the 
circumference (Oj) are calculated, 

- The point (M) of maximum error (dm - rj ) with respect to the 
theoretical radius (r,) of the circle segment formed by (po, pn> 
and the mid-point (pn/2) is searched for in chain (C) (po, pn), 

- If this error (dm -r x ) is less than a predetermined threshold 
v 2 , (dm - r x ) < V a , it decides that C (po, pn) forms an arc of a 
circle. 

_ if this is not the case it again runs the algorithm on chains 
C(po,M) and C(M,pn). 

In this way we approximate the complete perimeter to a series of 
straight and circular units. 

in the case in Figure 3 , and using the algorithm described, it 
is found that there is a straight unit from point (pn) to point 
pn/2 -DE, another straight unit from mid-point pn/2 to further 
point M — EF and an arc of a circle of radius (r 2 ) and centre 
(0 2 ) along the unit from H to Po ■* FG. 

in this way the perimeter is reduced to: 

1. Straight lengths defined by their starting and ending points, 

2. Arcs of circles defined by their centre (0), their radius (r) 
and the starting and ending points of the arcs, determined 
preferably by their polar coordinates, so that the perimeter is 
perfectly defined, i.e. modeled. 
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CLAIMS 

1 Means for generating the geometry of a model ' in two 
dimensions through the use of artificial vision, characterised 
in that it comprises a linear camera mounted above a table which 
i. caused to move by a motor and which includes a working area, 
comprising ; 

a) a first stage in which: 

&l) the linear camera acquires an image line and digitally 
encodes it, 

a 2 ) the line acquired is converted into binary for comparison 
with a previously determined binary threshold, 

a 3 > the transitions in the binary image are calculated and 
stored, 

a«) the table is moved and the previous steps are repeated until 
the working area is covered, 

b) a second stage in which the perimeters of the geometries 
present in the image are extracted and stored, 

c> a third stage in which the basic units making up the perimeter 
are extracted in accordance with a chain code which lines up 
points having the same code value, defines a starting point, an 
end point and a mid-point for the " chain and applies a search 
algorithm incorporating the steps below to the chains off basic 
units: 

Cl > the radius (r x > and the centre of the circle passing through 
the start point, the end point and the mid-point are calculated, 
c 2 > if the value for the radius <"r x ) is greater than a 
predetermined value ( S ) 

c 21 ) the point in the chain furthest from the straight line 

joining its start point and end point is searched for, 

c 2ll ) if the said distance is less than a certain predetermined 

value the chain is taken to be a straight line, 

c 212 ) if the said distance is greater than a certain predetermined 

value the initial chain is subdivided into two chains whose end 

points are the original starting point and the furthest point and 

the end point and the furthest point respectively, and the 

algorithm is applied again. 
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c 3 ) if the value for the radius (r x ) is lees than the 
predetermined value (S) 

c 31 > then a search is made for the point in the chain whose 
distance (a) from the circle mentioned is a maximum , the point 
of maximum error , 

c 311 ) if the said distance (a) is less than a predetermined value 
(V x ) the chain is taken to form the arc of a circle , 
c 3X2 J if the said distance (a) is greater than the predetermined 
value (v x ) the chain is divided into two chains whose end points 
are the starting point and the point of maximum error and the end 
point and the point of maximum error respectively, the perimeter 
being reduced to straight units defined by the coordinates of 
their starting and end points and arcs of circles defined by 
their centres , radii and the coordinates of their start and end 
points. 

2. Means for generating the geometry of a model in two 
dimensions through the use of artificial vision according to the 
foregoing claim, characterised in that the linear camera is 
controlled by a camera board comprising an interface bus, a 
camera adapter and a control module which controls the exposure 
time, frequency and manner of operation of the camera. 

3. Means for generating the geometry of a model in two 
dimensions through the use of artificial vision according to the 
foregoing claims, characterised in that the motor is controlled 
by a motor board comprising a bus interface, a power pulse 
generator and a module controlling the speed and direction of 
movement, and the generator. 

4. Means for generating the geometry of a model in two 
dimensions substantially as hereinbefore described with reference 
to and as illustrated in the accompanying drawings. 
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